Autoantibodies are a hallmark in the diagnosis of many systemic autoimmune rheumatic diseases (SARD) including idiopathic inflammatory myopathies (IIM). Based on their specificity, autoantibodies in IIM are grouped into myositis specific (MSA) and myositis associated autoantibodies (MAA). Among the MSA, autoantibodies against aminoacyl-tRNA synthetases (ARS) represent the most common antibodies and can be detected in 25-35 % of patients. The presence of ARS and other autoantibodies have become a key feature for classification and diagnosis of IIM and are increasingly used to define clinically distinguishable IIM subsets. For example, anti-ARS autoantibodies are the key features of what has become known as antisynthetase syndrome (aSS), characterized by multiple organ involvement, primarily interstitial lung disease, often accompanied by myositis, non-erosive arthritis, Raynaud's phenomenon, fever, and "mechanic's hands". Autoantibodies directed to eight different ARS have been described: Jo-1 (histidyl), PL-7 (threonyl), PL-12 (alanyl), OJ (isoleucyl), EJ (glycyl), KS (asparaginyl), Zo (phenylalanyl) and Ha (tyrosyl). Each anti-ARS antibody seems to define a distinctive clinical phenotype. Although several research methods and commercial tests are available, routine testing for anti-ARS autoantibodies (other than anti-Jo-1/histidyl-tRNA synthetase) is not widely available, sometimes leading to delays in diagnosis and poor disease outcomes.
Introduction
Autoantibodies are a hallmark in the diagnosis of many systemic autoimmune rheumatic diseases (SARD) including idiopathic inflammatory myopathies (IIM) [1, 2] . These autoantibodies are typically directed to intracellular proteins, including nuclear and cytoplasmic antigens, and based on their specificity, autoantibodies in IIM can be grouped into myositis specific (MSA) and myositis associated autoantibodies (MAA) [3, 4] . The presence of MSA and MAA has become a key feature for classification and diagnosis of IIM and are increasingly used to define clinically distinguishable IIM subsets. Among the MSA, autoantibodies against aminoacyl-tRNA synthetases (ARS) were detected in 25-35 % of IIM patients [5] . Other autoantibodies in IIM are directed to the signal recognition particle (SRP), 3-hydroxy-3-methylglutaryl coenzyme (HMGCR), chromodomain helicase DNA binding protein 4 (Mi-2), SAE/small ubiquitin-related modifier (SUMO-1), MJ/ nuclear matrix protein 2 (NXP2), melanoma differentiation-associated gene 5 (MDA5)/clinically amyopathic dermatomyositis p140 (CADM-140), and transcription intermediary factor (TIF)1-gamma (p155/140) [1, 2] . The nomenclature of anti-ARS, like many other autoantibodies, is primarily based on the initials or the name of the index patient [6] . AntiJo-1 antibody is the most common, predominantly found in 15-30 % of patients with polymyositis (PM) and in 60-70 % of those with interstitial lung disease (ILD) [6] . Autoantibodies directed towards other ARS are less common, each reaching less than 5% prevalence in IIM. This chapter on the clinical and serological aspects of IIM is focused on ARS, including the biochemical properties and the current detection methods.
Clinical aspects of the anti-synthetase syndrome
Earlier studies only found anti-ARS autoantibodies in patients with IIM, but not in other SARD, and it was concluded that anti-ARS autoantibodies are myositis specific. Later on, it became evident that anti-ARS autoantibodies characterize their own clinical IIM phenotype that has become known as the anti-Synthetase Syndrome (aSS) and can sometimes occur as an overlap syndrome with other autoimmune diseases. Histological studies suggested that the aSS is a separate disease entity within the spectrum of IIM (reviewed in [4] ). Myopathological changes in the aSS including perimysial connective tissue fragmentation and inflammation and muscle fiber pathology in neighboring perifascicular regions have been documented. Anti-ARS autoantibodies are the hallmarks of the aSS, which is characterized by multiple organ involvement, primarily ILD, and is often accompanied by myositis, non-erosive arthritis, Raynaud's phenomenon, "mechanic's hands", skin rashes, sicca syndrome and constitutional symptoms, such as fever. Besides the clear nosographic classification, diagnosis and management of aSS are still challenging due to often masked and/or non-specific symptoms at the disease onset [7] . Each anti-ARS seems to be associated with heterogeneous disease expression and severity [8] , in which lung and joint involvement could be prominent at early disease stages. Disease progression and prognosis are predominantly affected by lung involvement and myositis may remain on a subclinical level in a significant number of patients in the non-Jo-1 groups [4] . In idiopathic interstitial pneumonias, anti-ARS autoantibodies have been reported in about 7 % of patients, thus contributing to the definition of "idiopathic" ILD. Whether such autoantibodies could also have a predictive value for immune mediated ILD has to be further elucidated [9] . The vast majority of anti-ARS patients have ILD, whereas it is estimated that one-to two-thirds of patients with myositis and ILD are positive for any anti-ARS antibody. Anti-ARS autoantibodies are rarer in dermatomyositis (DM) and juvenile PM, DM and in other SARD [4] . Anti-ARS can also be associated with necrotizing myopathy (anti-PL-12 autoantibodies) or pericarditis (anti-PL-7 autoantibodies) [10, 11] . Recently studies have indicated that patients with anti-ARS autoantibodies other than those directed to Jo-1 have a different clinical outcome [8, [12] [13] [14] . Patients with anti-PL-7 and anti-PL-12 autoantibodies frequently have ILD [15] , gastrointestinal manifestations and less frequently have myositis compared to anti-Jo-1 positive patients [16] . It has been speculated that this might be attributed to the delayed detection due to lack of routine testing for those autoantibodies [4] . Recently, the importance of making a diagnosis based on anti-ARS serology has been illustrated by a comprehensive case report describing a 21-year-old man with fever, arthralgia and pulmonary infiltrates [17] . Since another recent case report of two anti-OJ positive patients did not confirm the poor prognosis of these patients [18] , future studies are needed to verify these observations. Autoantibodies have been shown to be present in the pre-clinical phase and can predict the outcome of a certain diseases [19] and this is true for the anti-ARS as well [20] . Larger studies are needed to understand the utility of anti-ARS autoantibodies for patient stratification and risk management of those patients. As shown for systemic sclerosis [21] , autoantibodies have the potential to classify patients with a specific clinical phenotype, which might support personalized medicine.
A recent international study of 430 juvenile idiopathic inflammatory myopathy (JIIM) patients emphasized that the clinical and serological spectrum of IIM in children is not a mirror image of adult disease [3] . Like adult IIM, JIIM are also characterized by skeletal muscle weakness, characteristic rashes, and other systemic features. In this study, 68% had a single myositis autoantibody and 32% had no identified myositis autoantibodies. Antip155/140 autoantibodies were the most frequent serological subgroup, present in 32% of patients with juvenile dermatomyositis (JDM) or overlap myositis with JDM, followed by anti-MJ autoantibodies, which were seen in 20% of JIIM patients, primarily in JDM. And unlike adult IIM, other MSAs, including anti-synthetase, anti-signal recognition particle (SRP), and anti-Mi-2, were present in only 10% of JIIM. The key conclusion of the study was that juvenile myositis is a heterogeneous group of illnesses that can be classified on the basis of distinct autoantibody phenotypes.
Classification Criteria
Classification criteria for IIM date back almost 35 years to initial publications by Medsger et al. [22] to more current criteria proposed by Dalakas and Hohlfeld [23] and Hoogendijk et al. [24] (Table 1) . Each set of proposed criteria have advantages and disadvantages, but the emphasis in establishing clinically valid criteria has more recently incorporated MSAs, starting with anti-Jo-1 and the aSS nomenclature (reviewed in [8, 25] ) and progressing to a wider spectrum of MSA as the basis for meaningful clinical phenotypes, particularly in JIIM [3] .
For many years, the Bohan & Peter criteria [26] were the touchstone, but it was known that this schema had limitations because it was observer dependent (subjective), based on experience in a single institution, the rashes of DM were not specified, and no direction was provided on how to rule out other myopathies. In a study where the specialist consultant diagnosis was considered the gold standard, the 2003 criteria of Dalakas agreed best with specialist consultant diagnosis and the criteria of Bohan and Peter demonstrated very poor specificity [27] . Prospective studies are required to develop improved classification criteria.
Biological function and biochemical properties of synthetases
Aminoacyl-tRNA synthetases catalyze the ATP-dependent binding of a single amino acid to its specific tRNA during protein synthesis. Autoantibodies to Jo-1 (histidyl), PL-7 (threonyl), PL-12 (alanyl), OJ (isoleucyl), EJ (glycyl), KS (asparaginyl), Zo (phenylalanyl) and Ha (tyrosyl) have been described [4] . Although the biological significance remains unknown, many of the anti-ARS autoantibodies have been shown to inhibit the function of their target autoantigen in vitro [28] .
Co-existence of anti-ARS and anti-Ro52 autoantibodies
Of high interest, the majority of IIM patients, especially those with the aSS also have antiRo52/TRIM21 autoantibodies [29] . Ro52, also known as TRIM21, is an E3 ligase that interacts with many proteins [29] . Patients with both anti-Ro52/TRIM21 and anti-ARS displayed a different clinical phenotype characterized by severe myositis and joint impairment. Moreover, the coexistence of anti-Ro52/TRIM21 autoantibodies seems to be associated with an increased risk of cancer [30] .
Detection methods
Anti-ARS autoantibodies can be identified by several methods. Initially, these autoantibodies were defined by immunoprecipitation in which the anti-ARS was found to co-immunoprecipitate the synthetase along with the isoaccepting tRNA, and confirmation thus included separate protein and RNA immunoprecipitation approaches [28] . Many patients also have a strongly positive cytoplasmic staining pattern in indirect immunofluorescence (IIF). However, with the availability of novel methods for the detection of anti-ARS it was recognized that the IIF alone significantly lacks sensitivity [31] . While anti-Jo-1 autoantibody testing for clinical purposes is available using ELISA methods, addressable laser bead immunoassay (ALBIA) [32] and chemiluminescent immunoassay (CIA) [33] , there is little information about the comparative sensitivity, specificity and consistency of these assays compared to the gold standard immunoprecipitation assays (Table 2) . Also, autoantibodies to other synthetases are rarely detected by these assays [4] , so protein and RNA immunoprecipitation remains the only commercial assay available that allows for a full enumeration of all the anti-ARS and other myositis autoantibodies. Line immunoassays (LIA) [7, 34, 35] became a popular tool to detect many MSA and MAA as a panel. Recently, a screening ELISA (research use only, RG7840RRG 7840R, MBL, Japan) has been developed for the detection of anti-ARS autoantibodies. The antigen composition of this assay contains Jo-1, PL-7, PL-12, EJ and KS.
However, at the time of this writing no test for the detection of anti-ARS (other than Jo-1) has been cleared by the Food and Drug Administrative (FDA). In the USA, few reference laboratories offer autoantibody profiling for MSA and MAA, including but not limited to Oklahoma Medical Research Foundation clinical immunology laboratory (Oklahoma City, Oklahoma) and RDL Reference laboratory (Los Angeles, California). Most of their testing is based on IP which involves a long turnaround time (>2 weeks), Therefore, there is a strong need for cost-effective commercial assays for the detection of anti-ARS autoantibodies [8] . Ideally, those tests should be based on automated systems that allow for random access testing and have high sensitivity and specificity.
Autoantibodies to ARS are only seen in a minority of patients with IIM, which is by itself a rare condition [36] . Therefore, the development and application of immunoassays for the detection of these autoantibodies presents an economic challenge. An additional hurdle to overcome is the availability of control samples for development, manufacturing and for the quality control of such assays.
Concluding remarks
Anti-ARS autoantibodies are a defining feature in the diagnosis and prognosis of the aSS. Except for anti-Jo-1, most anti-ARS autoantibodies are rarely tested in routine diagnosis due to the lack of reliable, cost-effective, easy to use and regulatory body approved diagnostic assays. To differentiate the pattern from other cytoplasmic patterns (i.e. anti-ribososmal P autoantibodies), the absence of nucleolar staining is an important discriminator. It should be noted that less than half of the sera that have identifiable anti-Jo-1 will demonstrate this typical IIF pattern. The specific proteins identifying each autoantibody are marked with triangles. B.) Characterization of various anti-ARS autoantibodies (anti-Jo-1, PL-7, PL-12, OJ, EJ) by protein immunoprecipitation using 35 S-methionine-labeled K562 cell lysates, SDS-PAGE and autoradiography is shown (courtesy of Dr. Minoru Satoh). C.) Immunoprecipitation profile of cytoplasmic RNAs using phenol/chloroform extraction and urea-PAGE followed by silver staining demonstrating the typical tRNAs associated with each of the anti-ARS autoantibodies (courtesy of Dr. Minoru Satoh). Table 2 Overview of molecular targets of anti-synthetase autoantibodies and available testing 
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